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(54) PRINTED WIRING BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve adhesion between the 
inner wall of a through-hole and a filler and to prevent 
development of crack and permeation of a plating solution, by 
closing a through-hole having an uneven layer formed on the 
surface of a conductor on the inner wall thereof to a sealed state 
by a filler. 

SOLUTION: A penetration hole for forming a through-hole is 
formed in a copper-clad multilayer board by drilling. Then, the 
board 1 is activated, and electroless copper plating and electrolytic 
copper plating are performed, thus forming a through-hole 3. Then, 
the board 1 in which the through-hole 3 is formed is acid- 
degreased, soft-etched, and treated with a catalytic solution. After 
the board 1 is activated, plating is performed using an electroless 
plating bath under predetermined conditions, thus forming an 
uneven layer (rough layer) 4 on the inner wall of the copper pattern 
and the through-hole 3. In the through- hole 3 thus treated, a filler 
5 made of epoxy resin and an inorganic filler or organic filler is 
filled and hardened by heating. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the printed wired board which has a through hole and comes it into a seal condition to change 
blockade processing of the inside of this through hole with a filler — setting — the conductor of this 
through hole wall — the printed wired board characterized by forming the concave convex layer in a front 
face. 

[Claim 2] Said concave convex layer is a printed wired board according to claim 1 which is the needlelike 
alloy layer which consists of copper-nickel-Lynn. 

[Claim 3] Said concave convex layer is a printed wired board according to claim 1 which is a copper oxide 
layer. 

[Claim 4] Said filler is a printed wired board according to claim 1 which is any one chosen from an epoxy 
resin, the mixture of an organic filler and an epoxy resin, the mixture of an inorganic filler, and the mixture 
of an epoxy resin and an inorganic fiber. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is a proposal about the printed wired board which comes it 
into a seal condition to change blockade processing of the inside of a through hole with a filler about a 
printed wired board. 
[0002] 

[Description of the Prior Art] front flesh-side both sides of the former and a substrate — a conductor — 
the printed wired board in which the circuit was formed — setting — the conductor of a substrate table 
flesh side — circuits were electrically connected through the through hole which penetrates the substrate, 
since [ therefore, ] the printed wired board of such a configuration is exposed to a surface and a through 
hole exists — a conductor — the effective area of circuit formation became small and there was a fault of 
making difficult miniaturization of a printed wired board and densification of mounting. 

[0003] Since this fault is canceled and the degree of freedom of a circuit design is increased, recently The 
through hole for connecting a front flesh side to core material electrically is formed. To surface material A 
blind-via hole (hole which has not penetrated the substrate which connects a surface layer and other 
layers), and by forming very a DOBAIA hole (hole which has not penetrated the substrate which connects 
between inner layers) The printed wired board of the IVH (interstitial BAIA hole) structure where a through 
tube is not prepared in a substrate is proposed. 

[0004] However, when the inside of the through hole of core material was kept non-filling, in forming a 
surface, there was an inflow of insulating resin etc., and multilayering was difficult. Moreover, there were 
many troubles, such as causing the corrosion of a conductor etc., by the inflow of plating liquid, plating 
pretreatment liquid, etc. 

[0005] On the other hand, the printed wired board which filled up with or covered resin etc. in the through 
hole is indicated by JP,5-3291 9,B, JP,2-1 21 386,A, JP,5-226814,A, JP,6-125164,A, and JP,6~51010,Y. 
[0006] However, also in the above-mentioned conventional technique which fills up with or covers the 
inside of a through hole with resin etc., it had left the trouble that plating processing liquid and other 
processing liquid sank in in a through hole, from the clearance according to hardening contraction of resin 
in that a crack occurs to restoration resin, or a conductor and layer insulation resin **** by reliability 
trials, such as a spalling test (low-temperature elevated-temperature cycle trial). 
[0007] 

[Problem(s) to be Solved by the Invention] This invention proposes the configuration for solving the 
characteristic above-mentioned trouble in this invention field which happens impossibly, when filled up with 
a filler in a through hole, and that main purpose is in proposing the configuration of the printed wired board 
excellent in the adhesion of a through hole wall and a filler. Moreover, other purposes of this invention are 
to offer the printed wired board excellent in the dependability which can inhibit the penetration of 
generating of a crack, plating processing liquid, etc. 
[0008] 

[Means for Solving the Problem] Artificers came to complete invention which considers the contents 
shown below as a summary configuration, as a result of inquiring wholeheartedly towards the above- 
mentioned purpose implementation, namely, the printed wired board which this invention has a through hole 
and comes it into a seal condition to change blockade processing of the inside of this through hole with a 
filler — setting — the conductor of this through hole wall — it is the printed wired board characterized by 
forming the concave convex layer in a front face. In addition, in this invention, as for said concave convex 
layer, it is desirable that it is the needlelike alloy layer which consists of copper-nickel-Lynn, or that it is a 
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copper oxide layer (melanism layer), and, as for said filler, it is desirable that it is any one chosen from an 
epoxy resin, the mixture of an organic filler and an epoxy resin, the mixture of an inorganic filler, and the 
mixture of an epoxy resin and an inorganic fiber. 
[0009] 

[Embodiment of the Invention] the description of the printed wired board concerning this invention — the 
conductor of a through hole wall — it is in the point that the concave convex layer is formed in the front 
face. Thereby, the adhesion of the conductor of a through hole wall and a filler improves. Consequently, 
expansion by reliability trials, such as **. cold energy cycle (-65 degree-C<=>125 **) and a solder heat 
test (immersion test in 230 **), and generating of the crack by contraction can be inhibited. 
** . At the time of hardening contraction of resin, since a clearance does not occur in the interface of the 
conductor of a through hole wall, and a filler, the penetration of plating processing liquid etc. can be 
inhibited. 

[0010] in addition, the above-mentioned concave convex layer — conductors other than a through hole 
wall since it is formed also in a front face, when preparing an insulating layer and multilayering, or in 
forming a solder resist and supplying solder, the adhesion of a lower layer conductor, and an insulating layer 
and a solder resist also improves. 

[001 1] the printed wired board concerning such invention — setting — the conductor of a through hole 
wall — the needlelike alloy layer obtained by non-electrolytic copper-nickel-Lynn plating etc. as a concave 
convex layer formed in the front face, and the melanism acquired by copper oxidation treatment — the 
melanism acquired by oxidation treatment and reduction processing of a layer and copper — there is a 
physical roughening layer obtained by physical means, such as a reduction zone, the Brown reduction zone, 
sandblasting and shot blasting, buffing, and wrapping. Especially, the needlelike alloy layer obtained by non- 
electrolytic copper-nickel-Lynn plating etc. is desirable. It is because such an alloy layer is needlelike, so it 
excels in adhesion with a filler, and there is tough nature, and it is hard, it is moreover hard to be divided 
and it excels also in a thermo-cycle property. Here, as for the copper which constitutes a copper-nickel- 
Lynn alloy layer, nickel, and the content of Lynn, it is desirable respectively that it is about 0.5-2wt% 90 - 
96%, and 1 to 5%. This reason is that a deposit coat becomes needlelike structure at above-mentioned 
within the limits, and it excels in an anchor effect. 

[0012] The presentation of the nonelectrolytic plating bath for forming such a needlelike alloy layer is 
copper-sulfate:1-40g/l. and a nickel sulfate. : 6.0 [ 0.1 - ] g / liter, citric-acid: 10-20g/L, 100 
[ hypophosphite:10 - ] g / liter, a way acid: It is desirable to consider as 10-20g /and surfactant:0.01- 
10g/l. I. In order to make especially an alloy layer needlelike, existence of a surfactant is required and the 
above-mentioned range must be filled. It is because the plating coat which constitutes the concave convex 
layer which deposits will not become precise but a thermo-cycle property will fall remarkably, if it deviates 
from the above-mentioned range. Moreover, the conditions of nonelectrolytic plating are 60-80 degrees C 
and pH about the temperature of a plating bath. It is desirable to set about 8.5 to ten strong base and a 
bath ratio to 0.01 - 1.0 dm2 / I, to make a deposit rate and to make plating time amount into 5-20 
minutes for 1-3 micrometers / 10 minutes. 

[0013] thus, the needlelike alloy layer formed — thickness of a concave convex layer 0.5-7.0 mum — 
desirable — 1.0-5.0 mum — more — desirable — 1.5-3.0 Considering as the copper-nickel-Lynn alloy 
layer of mum is desirable. For this reason, the thickness of a concave convex layer is 7.0. If it becomes 
thicker than mum, there is not only a possibility that it may originate in protraction of plating time amount, 
and a manufacturing cost and ingredient cost may increase, but the needlelike coat itself will become weak 
and it will become easy to produce a clearance between fillers. On the other hand It is because an anchor 
effect will become inadequate and it will become easy to produce a clearance between fillers, if it becomes 
thinner than 0.5 micrometers, in addition, the thickness of a concave convex layer (copper-nickel-Lynn 
alloy layer) here — the smooth conductor of a through hole wall — the distance from a front face to the 
crowning of a needlelike alloy is said. 

[0014] When the concave convex layers formed in the through hole wall in this invention are needlelike 
alloy layers, such as non-electrolytic copper-nickel-Lynn, as for that concave convex layer, to be 
protected by the tin layer is desirable. The reason is to be easy to dissolve said alloy plating in an acid or 
an oxidizer, to prevent the dissolution, and to maintain a concave convex layer. And even if a tin layer 
prevents oxidation of a concave convex layer, can improve the wettability of a concave convex layer and 
restoration resin, can prevent that an opening occurs between a concave convex layer and restoration 
resin, and can raise adhesion, as a result it presents a thermo cycle etc. with it, it becomes possible 
[ inhibiting generating of a crack etc. ]. In addition, tin does not have discoloration with an acid or an 
oxidizer, maintains gloss continuously, and it is industrially cheap and it is [ toxicity is few metals and / 
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moreover it is the metal which deposits by the substitution reaction with copper, and ] suitable at the point 
that it . can cover without destroying the needlelike alloy of a copper-nickel-Lynn layer. Moreover, since tin 
deposits by the substitution reaction with copper, once it permutes by surface copper, it will end and the 
substitution reaction of a there will form a layer which covers the needlelike alloy of the above-mentioned 
concave convex layer with a very thin coat. So, the configuration where it sharpened is maintained as it is 
and the above-mentioned concave convex layer and the tinning film excel [ alloy / of the above-mentioned 
concave convex layer / needlelike ] also in adhesion. 

[0015] In this invention, it is desirable for an epoxy resin, polyimide resin, polyether sulphone etc to be 
mentioned, and to use an epoxy resin especially as matrix resin which constitutes a filler. Moreover as for 
the above-mentioned filler, it is desirable to mix distributed material in the above-mentioned matrix resin 
tor an improvement of a thermo-cycle property, and inorganic fibers, such as inorganic fillers, such as 
organic fillers, such as an epoxy resin and polyimide resin, a silica, and an alumina, glass fiber and a 
zirconia, can be used as this distributed material. 

[0016] Here, the above-mentioned distributed material is the mean particle diameter. It is desirable to be 
referred to as 0 1-10 micrometers. The above-mentioned mean particle diameter this reason It is because 
there is a possibility of the relaxation effect by the expansion at the time of hardening and the distributed 
material of contraction being hard to be obtained if smaller than 0.1 micrometers, distributed material 
becoming larger than the needlelike configuration of said needlelike alloy layer on the other hand if mean 
particle diameter is larger than 10 micrometers, and checking the flattery to the needlelike alloy layer of a 
filler. Especially when using as an insulating layer further formed in a substrate table flesh side while using 
a filler as a packing material in a through hole, and forming a conductor on this insulating layer or when 
using only as a packing material in a through hole and forming a conductor on that filler, the size range of 
the above-mentioned distributed material is effective. That is, in order to improve the adhesion of said filler 
and conductor, a concave convex (roughening side) is formed in the filler front face by using an oxidizer 
etc. and carrying out dissolution removal of the distributed material on the front face of a filler In order for 
a concavo-convex configuration and roughness to acquire sufficient anchor effect depending on the 
magnitude of distributed material, the roughness of 1-20 micrometers is required for this roughening side 
However the particle size of distributed material If smaller than 0.1 micrometers, roughness will become ' 
smaller than micrometer, and if the particle size of distributed material is larger than 10 micrometers 
roughness wiN become larger than 20 micrometers. So, particle size of distributed material Especially the 
rnn-f-n micrometers is effective in the configuration of the above-mentioned filler 

L0017J in addition, the filler as used in the field of an organic filler or an inorganic filler — the aspect ratio 
of the longest length / the shortest length - 1-1.2 it is - distributed material is said. Moreover, for the 
fiber as used in the field of an inorganic fiber, the aspect ratio of the longest length / the shortest length is 
1 .2. Large distributed material is said. 
[0018] 
[Example] 
(Example 1) 

i 1 l. T i e u tl i ,r ° J Ugh tUt>e f ° r through hole formation was formed in glass epoxy copper clad laminate (FR-4) by 
dr.Ned hole dawn processing. Subsequently, the substrate 1 was activated, non-electrolytic copper plating 
and electrolytic copper plating were performed, and the through hole 3 was formed 

(2) Next, the above (1) Acid cleaning of the substrate 1 in which the through hole 3 was formed is carried 
out, and software etching is carried out, and it galvanizes in the nonelectrolytic plating bath of the 
presentation shown in the following table after being activated by processing with the catalyst solution 
which consists of a palladium chloride and an organic acid, and giving Pd catalyst, and is the thickness of a 
Cu-n.ckel-P alloy to a copper pattern and through hole 3 wall. The 2.5 - micrometer concave convex layer 
(roughening layer) 4 was formed. 
[0019] 
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mmmtb^m (cu-ni-p) 




0. 050mol/ 1 




0. 0039mol/ 1 




0.078101/1 




0.33mol/l 




0.50mol/l 




0.1g/l 


PH : 


9.0 



[0020] The Ebara YUJI light incorporated company make and a trade name "an INTAPURETO process" 
were used for the plating bath for forming said roughening layer 4 of a Cu-nickel-P alloy by this example 
especially. The processing condition was made into 70 degrees C and 10 minutes. 

(3) Next, the above It is immersed in the non-electrolyzed tinning bath which consists of hoe ****-ized 
tin-thiourea liquid (or tin chloride-thiourea liquid) further after rinsing the substrate which finished 
processing (2) (and accepting the need desiccation) for 1 minute at 50 degrees C, and is thickness to 
roughening layer 4 front face of a Cu-nickel-P alloy. Permutation formation of the 0.3-micrometer tinning 
layer was carried out. In addition, since this non-electrolyzed tinning is a substitution reaction, once the 
front face of Cu-nickel-P is permuted by tinning, a plating reaction does not advance any more but it can 
form a very thin tinning layer. And since it is a substitution reaction, it excels also in the adhesion of a Cu- 
nickel-P layer and a tinning layer. 
[0021] 





(*X) 




0.1 mol/ 1 


r-tmm : 


1. 0 mol/ 1 


MM : 


50"C 


pH : 


1.2 



(4) And it was filled up with the filler 5 in the through hole 3 which performed processing which was 
mentioned above. In addition, it is as the presentation of a filler 5 being shown below, and restoration was 
performed according to the squeegee printing approach. 

~ E807 (product made from oil-ized shell) : 60 The weight section and HN-2200 (Hitachi Chemical make) : 
40 The weight section and 2E4 MZ-CN (Shikoku formation make, a curing agent) : 0.5wt% and Si02 powder 
(made in Tatsumori) : After being filled up with the 150wt% (5) filler 5, it carried out at 120 degree C by 100 
degree C, and hardening processing was carried out [ 80 degrees C ] on the conditions of 3 hours by 150 
degrees C for 1 hour for 1 hour for 1 hour (refer to drawing 1 ). 
[0022] (Example 2) 

(1) since the substrate 1 in which the through hole 3 was formed is degreased and rinsed like an example 1 
and acid treatment is carried out — melanism — a bath — for 6 minutes — being immersed — melanism - 
- it processed, in addition, melanism — the mixed liquor of NaOH (10 g/l), NaCI02 (40 g/l), and Na3P04 (6 
g/l) was used for the bath. 

(2) Next, the above The substrate 1 which processed (1) was rinsed, it was immersed in the reduction bath 
for 1 minute, and reduction processing was performed. In addition, a reduction bath is NaOH (10 g/l) and 
NaBH4. Mixed liquor was used. 

(3) Roughness by repeating further rinsing of the substrate 1 which finished carrying out processing of the 
above (1) and (2) The split face (concave convex layer) 4 in the range which is 1.5 micrometers - 3 
micrometers was formed in through hole 3 wall. 

(4) And it was filled up with the filler 5 in the through hole 3 which performed processing which was 
mentioned above. In addition, it is as the presentation of a filler 5 being shown below, and restoration was 
performed using the roll coater. 
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- A-BPE -4 (product made from new Nakamura chemistry) : 80 weight sections and E807 (product made 
from oil-ized shell) : 20 weight section and 2P4MHZ (Shikoku formation make, a curing agent) :5 weight 
section and DETX (the Nippon Kayaku make, curing agent) : 5 weight sections and 1-907 (the Ciba-Geigy 
make, curing agent) — :5 weight section and Si02 powder (product made from non-Futami abrasive 
material industry) 100wt%, and S-65 (the Sannopuko make — ) : Defoaming agent : It performed by 100 ** 
and after being filled up with the 0.5wt% (5) filler 5, it exposed by ultraviolet-rays 1000 mj/cm2, and grinding 
of the part projected from the substrate front face was carried out by buffing, and heat curing of 5 hours 
was further performed by 1 50 ** for 1 hour. 

[0023] (Example 3) 

(1) Formation of a through hole 3 and formation of the concave convex layer (roughening side) 4 were 
performed like the example 1. Thickness of the concave convex layer 4 at this time It was 1.0 micrometers. 

(2) Next, it was filled up with the filler 5 in the through hole 3. In addition, the presentation of a filler 5 is as 
being shown below. 

- 828A (product made from oil-ized shell) : The 100 weight sections and benzophenone (the product made 
from the Kanto chemistry, initiator) : Five weight sections and Michler's ketone (the product made from the 
Kanto chemistry, initiator) : 0.5 weight section and glass fiber : 100wt% and F-45 (Sannopuko make; 
defoaming agent) : After being filled up with 1 weight section (3) filler 5, temporary exposure was carried 
out by ultraviolet-rays 1000 mj/cm2, grinding of the part projected from the substrate front face was 
carried out by buffing, and actual hardening was further exposed and carried out by ultraviolet-rays 6000 
mj/cm2. 

[0024] (Example 1 of a comparison) It was filled up with the filler 5 of an example 1 and this presentation in 
this through hole 3, without having formed the through hole 3 like the example 1, and forming the concave 
convex layer (roughening side) 4 (refer to drawing 2 ). 

[0025] (Example 2 of a comparison) Formation of a through hole 3 and formation of the concave convex 
layer (roughening side) 4 were performed like the example 1. Thickness of the concave convex layer 4 at 
this time It was 0.2 micrometers. And it was filled up with the filler 5 of an example 1 and this presentation 
in the through hole 3. 

[0026] (Example 3 of a comparison) Formation of a through hole 3 and formation of the concave convex 
layer (roughening side) 4 were performed like the example 1. The thickness of the concave convex layer 4 
at this time was 10 micrometers. And it was filled up with the filler 5 of an example 1 and this presentation 
in the through hole 3. 

[0027] Thus, the existence (conductor plating corrosion or clearance generating of plating / filler interface) 
of the liquid penetration by the cross-section observation in a cold energy cycle property (the number of 
crack initiation cycles in the cold energy impact test of -65 degree-C<=>125 ** shows) and a through hole 
was investigated about the substrate filled up with the filler in the obtained through hole. 
[0028] The result is shown in Table 1. According to the configuration of the through hole concerning this 
invention, the adhesion of the conductor of a through hole wall and a filler improves so that clearly from 
the result shown in this table. So, it excels in a cold energy cycle property, and the expansion at the time 
of hardening and generating of the crack by contraction can be inhibited. And since a clearance did not 
occur in the interface of the conductor of a through hole wall, and a filler at the time of hardening 
contraction, it checked that the penetration of plating processing liquid etc. could be inhibited 
[0029] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2008/01/10 



JP,09-181415,A [DETAILED DESCRIPTION] 



6/6 ^— v 







* 2 


* 3 


m 
m 
m 


i 


Cu-Ni-P(l um) 


lOOOcyc &Lh 




2 


Cu0(2 Mm* 1 ) 


lOOOcyc £JLh 




3 


Cu-Ni-P(l fim) 


lOOOcyc £Lt 




it 

tit 

m 


1 





500cyc 




2 


Cu-Ni-P(0.2 jtim) 


700cyc 


#D 


3 


Cu-Ni-PdOwm) 


800cyc 





* 1; roughness is shown. 

* The number of crack initiation cycles in the cold energy impact test of 2;-65-degree-C<=>125 ** *3; 
existence of the liquid penetration by the cross-section observation in a through hole (conductor plating 
corrosion or clearance generating of plating / filler interface) 

[0030] 

[Effect of the Invention] As explained above, according to this invention, it excels in the adhesion of a 
through hole wall and a filler, and the printed wired board excellent in the dependability which can inhibit 
the penetration of generating of a crack, plating processing liquid, etc. can be offered. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the fragmentary sectional view showing the configuration of the through hole in the printed 
wired board of this invention. 

[Drawing 2] It is the fragmentary sectional view showing the configuration of the through hole in the 
conventional printed wired board. 
[Description of Notations] 

1 Substrate 

2 Conductor 

3 Through Hole 

4 Concave Convex Layer (Roughening Layer) 

5 Filler 



[Translation done.] 
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DRAWINGS 



[D rawing 1] 




2 
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[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] the printed wired board which has a through hole and comes it into a seal condition to change 
blockade processing of the inside of this through hole with a filler — setting — the conductor of this 
through hole wall — the printed wired board characterized by forming the concave convex layer in a front 
face. 

[Claim 2] Said concave convex layer is a printed wired board according to claim 1 which is the needlelike 
alloy layer which consists of copper-nickel-Lynn. 

[Claim 3] Said concave convex layer is a printed wired board according to claim 1 which is a copper oxide 
layer. 

[Claim 4] Said filler is a printed wired board according to claim 1 which is any one chosen from an epoxy 
resin, the mixture of an organic filler and an epoxy resin, the mixture of an inorganic filler, and the mixture 
of an epoxy resin and an inorganic fiber. 

[Claim 5] The printed wired board according to claim 1 which prepares an insulating layer on said through 

hole, and comes to multilayer a conductor. 
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[Proposed Amendment] 

[0010] in addition, the above-mentioned concave convex layer — conductors other than a through hole 
wall ~ since it is formed also in a front face, when preparing an insulating layer and multilayering a 
conductor, or in forming a solder resist and supplying solder, the adhesion of a lower layer conductor, and 
an insulating layer and a solder resist also improves. 



[Translation done.] 
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